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- .'t Ls jo oi OIL Ot Ver L I ri I V eIo, I L

I tv1 r I io - 11 cvs N LiOUo 'h 42 (1lc'rl'f N for 121111)( (NlI

1v 1.1l-,' 1ited WI Lb the olitt low laver iii tilt, upper

1* r'psubwve It, 81' -1erevs 's, was touicl above 301J( 1111 (Figuire I(,) . A d v v

r oI t o I Iv,- v.t -I I W~iS O-i IiflL below "100 mb betweenl 8) arid 95 depri'e
"I itLb r"' ititi ,l V LIon' llVir1.en'e necar tile siirta.-e anid i~r L;i- liiiI-

III 1he it oa.) I rivop onive."Lioni.

tialig,- ot the Lliermodviiamic stritcLilre due to the deoe]Opifcllti

.erIv t I ,w. ,10 hoI 11)i La 1 I dI s Lr hut L otis oft telllpfra L ure defw poiI liL

iir-i l m- '-dLL e A11 11111 11014 wiliI AtL 700I nit) I s showi I Itl Hiitres 1 2

I~ i ".i r I I it, ji IlL( i ,L L olilie Wa s t01Urd nlea r 911 (i-rees W

I' i r' )pi h.fleI- W itLh a stLr ong mrI(iionlI ( soi theJ(-rIyv) w ift

hI IjiP v~ ~h a5 I -) III -,e
1  (F i gure 14) . The hor i oltial

Iir I L.rt I v vr L I a I11101 i on a t 7111m mb ( Fig I ,Ile1 1) shows the itipwi d
,I W'.. 1se'OIit oa.'r 9ti IiL'roes W is wellI. LL is aipaorlilt that ttIe

i~ -it n I' l~eLed the wairy atid moist15 1 ir to) Lhe, aO-l -I

1:1iti t I! V Wfi' . il tiuvei thlt atllospher Ic S tilb I I I .Llv .

t0-. 11 I L'Il('Iy v~ll Ltif' II it~itig reqiiirc-d I )v LhI- I1I5'0

iL "' I I I % 1 Ivf-I-p ia si~ ''1 0 1 ,I Lb L I it 4 -d L It 1 ,11 fii - I It I po iii

P.,~~~~ ~ ~ ~ ~ - - - -,LII . - d 1)1 LIIrf
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AL I 24H) (.MI' 2 5 hIii.i vsru I cnt low-lIev.el warm advert L in wOs evident lit

.1 - oar d~ , s' v a' ~4 I roin t he sti r t at-e ( Fri re 3 ) . 8) 1 tb Hipirre

adi ilt)u (Fvl onsuu . CO~itit pzressure IhatL .'The ix Is of wi Lb

iy t - 7) " i Ioiid lit (legre.,-s Lu) IIde y,' o oaSeiL

1;1!T. I Iui' hi : Is the roi ori wiLt st runp Ilow- I vv. warin

tp, olnk. A II-t I lo uW sSo, 1 itei with Lit(- sutir a. Lr eu. h li Lho

.piwr I ropospher-, Wi-1 uor ed (F ip~'rr 6 ). &ventrial Ot ~ is I rutipli

ie~'1 ]It, -to old I runt aL the East r-oast at (111in (NT' 27 m)*

K v! ,It s ox th Ljo \al \--es

ht- We'. I -tast_ iross s(-,L iouns averaged between) 41) des-rees LC) 42 degprees N

I~t thL1e Z o na I(westerly) wi nd (Figure 8) , meridional ( southerl1y ) winrd
(i pi gr i 9 ), d i ver Fe i ice ( F i$ igor f 11)), at id v e rt1 :al I mL io ii t o r 12 0 1) (MI 231

Inoi~a r v ( F i5yirv I I) The mostL stLr ik inrg featLure i s tht L he reg ionl o1

iiwardl motLi on ,i it moded wt t h L te ax js of max j mum mer id i ona I w inrd a roi nid
I.-p re-. W ( F igue p iti I I) As noted bef ore , t h is i s the are~x whet.

Lih, (iivfe t i vt at Lv v I is mostL intense ( Figure 7) Subs ileni-e wals t oiii

jt),:i afhead ot rid behind the axis of maximum meridional wind where L11'.

Ll~ition t-is siippr.-ssed (Figure 11).
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J)F.S-Fast Infrared P~ictuire of the Eastern Uni ted States at

1 2 m (,MT on 23 Janutary 1984.
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1w. ve-rLIc Io jt-vte Iat Lv was, il itii aed k itt-emat i-cal 1*. I be IwI I l i '- ii -i

I t t I~ i> I it's I L (m I I t LiOt I p f t ko- i lt

t cs L- l- W t irita L ed liv

11, 1 tK < i-i ol Lhe ear h a d g$~ iir I tIic I.,I L i,:.- 'I

IS I i -t I il, dii.,- L o t-ilivtr thiits iii0 Lil O l . l ii i I d1.1

I!IlIL-s - !I tli-- it.eh e and [w I were - orre-oted Li il jii i

- t 1-11 ill ISi ht0 thet-rrors it th le (Ii ve rp.-iL wi ni I, I I II

*-c ' I~ v- ti I it ic-jri f mwct i oil o i) .reSs tire. Silltv t heLii I r{);-ti'ttitt Is

is, ii t.- I -itL 21) alU ratLhe r titan 101) mb d irr ir t h- wtt I Ci , I

* ii-ii~ .,m~~l tcwoit eveiit :0 veloci ties obttatined iv i ili Iit ti tit h-,

it~iclld tt ato o [w cIjtial to Zero aL Itii: Inl 'iii 2M11 tit)

IN

fiti. Lbtierti -il It-Ve(ttt v was converted to cmri setc .1isIlip Lih-

itvii ii L f tL I rv l -iL I (iliA Ii

;,e -iil o f,*. Vte inilt I vs i Li-tim i qIie di-srr i bed abe was ilipl it t (ILit

hm flIi Yv sirt , ' 00ts.1vat I onts. Deota Is of the proce dtres to prat- ess,
Simo-- -it r iLt iid stir I te aliservttL ims are given i itAptjtai x 2 arnd

4.~~O 1>S ~I -2-. TAMNlAR\

v*ll I ; lt I DI JtL I oi

* Ni 19 ill I J irirv 198-t. t he 3100 mbt constant jiressire ichart s hows
t~iti inl ipli I t, AAe I trotigh was- devel oping along the west toaost I pir.-

* I H L iww)I ., ctii' Ist fe I I Lt L t(-e i n x t obs e r on t I it o il I M I I) (M1 2 2

- k il t' s v n I ll I i IHI .ii t -- si- Il-harts ab yr ii (it (iitL sdwwit N

hi t r-i , ip 1 I iL o- A I I 'il ;t1t(j pt r opilpa L ed P-as twa ii (I a st ir I at 0 v t rlitp W

Si p-,i -It I i M ,1T_ 22 iitli~lt (F ire- 2) lin Lilt nlhiw.-L .- xf.-nittipg ItIl

~~~~~~~~ 'I-- ti -i-i t t til t Li ast- a tit tS L Il it - il iiji- Ir . I -t

Ii - -1 ot r "I. v I n I ti Iv I! I ia LopCii . - i - I. i it \ -)iI I (I L i o il- k, 1. it

ml i t-,i
t  

-i ih i iI- ;,. i Itt L(t-tAitullp m I ittil i L- cnt-- - c

t -. -' -, t ."I I i ll, tt5 e , ' li i i t), ( s., - t I

r0-



l,-is, nptc , 1).(,. were used to study the synoptic situation during
,-nwow'ttorm o,'c- tirell'e ,. The D)efense Meteorological Satellite Provram

(MlS1P) sa t]lllet photographs from the National Climate Center, Satollt-

-;,rvice [Division D56, Washington i).C. and the (;eostat onarv OperatLion"al
*-invironmenlal Satellite (GOES)-East visible and intrared images,

avai lable trom the McI)AR svsLem at Air Force Geophysical Laboratorv

.-(;L.), were also used.

or r er-irdat-i in 12 hour intervals from Nat oria] Weather
raw t" nde qLitlion and hourlv surface observations trom stat ions

["",,ilL l7 iV- in tit, trevs W to 1 fro eprees Waind dgrees to

It, ifor'eeq N were n, titeed . The measurements for ch soutndirig were

'tK' ' i ( IHT I t -IiIi l '(It to' V. -tirLhermore, 1 Lakes approximatl] 61,
1,t . , k t" ba the ha 1, tI r"a.h I i mh . u I r i n i Ls aIs etL, t. h al loon

i. r l , , wit , 1, 1 kIt I'1 to I Lt s au -h c iLe. However. o corrections

: k:m'P . tit alt,,ti drift were nad. in this s itu(v. Both the upper-air

t , I ,aitr v r!,, 0, ',Were av,il, li]e from th. McI hAS svste at AF I..

r i, sun, I l - , '- ll I'-nt- ievel and mandatory level data were

'i I ln I eve I thei-o dn\,tvam i c (jata were reports at

- I'' , ' - t i.t-'l' s the s ii-'ii t t tL leve I l id datt wt , t' I ' I-'))r-t

i r of at ,ll we 'onibi ned mandatorv level aind

1. ti- rt, -iOc.'n.mi daL and then interpolated tLemperature

! '"' 1 l-n
t 

t t inur27 ) nih) Intervt al Is n i- a cui sop tine

Ls;,, I i', jl ,,lr'', f tir itti t tehtn ti quo ((;line, 197 1) . The pressure level
I ! , i','I I lInL wtn11 datlm was i nterpolat-ed t ron the heiviht data

"I it 'II- n|anltia|1tt 'i evo] . Then we combined the mandatory levPl

,* ,: l : i'-. , ,1n lve,1 wind data ind ilteri)olated the zonal (it) and

*t li' !i-I: ( s,Ll"i' Iv) (v) wind components into 2'1 mb tIervals. The

.,- 1 rllt i. h ip'ht it t ,h 2 h interval was calculated trom

it-i 0 it rt- ird dew pitnt- is i the hvdrostatic assumption.

1,- t'i-'tldvrto~ad wil nd iid data Ior each presslire strtace were next

,'. 1 l t d it ito a x 2 degree cc irse grid trom 1110 deyr"Ps W Lo R)

ii , 'I n ind i-) depres 1. to a! degrees N Iltitip, (;r('ssniat ,s ( !)95 9 )

, t','' a t IV s, hpme. "rhe scan radii were 3.0Id, 2.Ild, I .Ad, 1. id.

' .2,1, Id W I h d) equiail to the mean station separation, which is

a'1, ,). I f,- t,.1 v 01IT to 111] kin. WP turther interpolat-ed the data tr,)m Lho

.A s. ir l'i i tn' a 2 \ I degree i i' grid usinig cub ic Il irie 1under

* rP, iltn. Lhilt;, theoh lt 'Live analvsis scheme was esseMlallv the same

, t ,ll , wi ,i S to'n, d earl Iier by Ogura and Cheri (1977) arid (li'ttra et

* -i ,l I It I 5 itnirtiit to note that to littrwit l ate Lhe data olitt)

0 - ',t- - I do-, r,0 I -o -t hv i-esol it,] r st- 
1 eP, Witb I d"eiit i V.l b

- I I,) ;IjY'i, -I! )rt,, I It' tlthservaLion-n . lh, s-al yt nalys, ,

- --- Io -, -tr l' tl;I i set' t.t ions rather that Lnt pnir - svst.'m L ,-n ho i..
, , .... FI ,, !,, r ,,sll \ , It als with wilave 'l 't lis smnall than i tht,'

I ,t a - iit 'it1. 1 he purpose of the inte-iol iLtu tIn "A( Lhvit' fill'

--. , - wt--~I , t It-ll ' I , i t I e str " t l I f or L e f I itl i I t- dI f n k',tio,t c lt l ait I lilt

'~~~~ I i'- ". 'it tI ,l' --..l I' (it valrl1aa )les sucth its d I 'er.l - ul. tu. ,l t it,.

i .1 ,o, n tI l o)f v'(ir t I I L v'.



\r'R)LILCT ON

"I I IN' V -L I iitiitl atL tof)s of ':tIi i''' Iprin tI( Iinde r I i r '- .1 1. 1 1t L rI v

9wtv ti ' mae h'.- Ch..rip ttv Cu-'. I 1 . ( 191) 1n itheli- r si fmit I i tn' , 1t on:

tt- t- 1irt--t ',to 1 i)n't 1 -h1rL -) i km it.'r 1, lr S WIL wit 1i low- 1-k 1 l lipt -11

IAt~ it I kim it ,iloftw.r wie, when thLIb.' I l iitp' was, (rit,\i'to. .I

-lotid- s.Liv('( h*'io w L li 2 kill 1 1v'] C..Ll~i .* il. 1 ( ) 7 1, 1 V

i i~etI a sea breoeze mnod.') (Pielke, 1974 ) tt a 'louti modit,

L ov ,nt 19j L)- o prodii'it soito i.ttst'rvet shioweis Iit F- 1 or I o. h-.

,sttuuted Lbt' dramat ic e r I e.-Ls of the iitrtitrhbed so tiiith;t 0 ' .11 tI itt~i,.0

o i-I' 're 01 1 Ithori1-zorit ai 'I oii vt'r-Sei i(,e' ch it' Lo L) the v ( 1) rti ' it I I I It I o

oil Vt 1'itt i-t! oimvnL ot a cl ouid. Sccrtg and Ogiir-a (198tt ) lit.'.-'pt'

.'itiivltt)o moc. 1 ii wit it Lii.' iarpe,-sc l to8ii rt lit ' .ithn t i tS

H'-ntt wti'k lby Scorrn and Trao ( 1981, ) ind Wanig ( I 9A4 Iii.. Sict',.,t!

it 2): il' ta1merical 5171111 a lionls oi observed ci tut atL ivv Llic.

t'i)Oi0l tor O lrp'-'scali' tcr':ing in some Way is a it '5 v

1 1, tOlii ttt u o iarge-s-al' l1ilting ililiv lecd-s to the

,r-t aL t on: ci ioils iunt pro: ijii tat ion systems. linmi I scle' iipo(raf Ls tit.

l-k.t!i Lu ts .ire ttnoti oIIv t titto i it c Iouds arid irrec i p] tat (ori sv'it ets w, .it

i:s.,-stcale astnt ihit l Iarge scale, I i ttLing i s s mall and , in vgene ra.

ol I ii' ord&er of Sevteral centimeters per second. 'Iwo methtouds are

rtitttortt 1v tistt to comitne I arge-s.:ale vert ittal v.eloctit ies I roir ohser.'u'u

r cata (1['artot sky, 1 946)- these are- the cid iahatit anti lt'

k nerta V it: methods . Thel( t t rst is based onl the ass umpt ion that .'ticanges (t)I

.t V. , oI a trtuospiter I , a ir atre ad Iia bilL i c , and thfe s eicril tdepreitdS :)i tn'

t- to) eDf 0I mass, ot -iii Lv.

- Ltt s st-1iy, t:t- c'it'i roritrienital co0101itions as well as larpe-scile

!Liftp i or- two sno)wstorm casevs during SNOW TWO, 16-17 Janulary an1d2i-.

McitIIJry 198-4j5 , were-( studit'd. Siitoe the adiabatic asnntinmav. not be a

(,I',-tijrttiijLon thuritp 115 .1(, period cisnowstLorm actL i v L v ( d te t o tin.'

it L os ci ~ltnt heat release' and convective transptcrts as at ri'siilL of

-,ntvet:Liv'.- ovo'i tire ng ), Lb.' kinematic method was used to compute

vr'-o- u' et. tI -alI mtit n on inII LIt i s s Ltudyv. 'I'lit' large-sc-ale vert. ira]

riotL t ot comipiuteil, as well ast- env i ru-nmental cOn(I i L ions, stuthi ed tor' bothl

* a#-'s, w ill trovitd' tise'i itI)I itbormat ir 1:cr the prope'r ,Iti c fI i tI L aI

* ott I r I il t 1)v oI ri t 1t itiYit('r It A]I sIil I atL ionls oat oi lid I divelI p;.iitt in Lth'

2v I)\. SO) R(ES ANt) METIIOJIS O' ANALYS IS

'ot I,( tjra 'i ati ls arid tippe't -a iI, iawi nsond.' measur'ittelif.ts t.-ukuit at '-Nt,i

i.t / tiw k t. pv i V~ I I L ( ',I p t tr aivl rIgt . MI we'-e rv ce I viii t rttmIII tit' Iutld

ii* tri - it tit \i i -or .' ,v-;t ',ip, itrrittiid iiea itiiiri's Nlit-t *'ws AF-i',
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t- it, surt ce Lrough moved eastward, the convective at L lvi tv propagated

*tp twdrd and moved out ot the central United States. One day later the

oL tcal tross settions of meridional wind and vertical motion (Figures

16 ) 17) show that both regions of upward motion and strong southerly

wind moved to the eastern boundary of the domain. Subsidence was fiound

Iti the Central 1*nited States where the convection was suppressed. Thus,

!h, ,ompitted ker Li aI motion agreed well with the observed convective

.1 Liv Lv

.I ,,N ot o Aldist c loud top t)Lnperaturies entered southwesLern M chigan

l *i)r>x I reitelI% 1,41) GMT 23 January, extending northward and oc:upied

"uv>t. ot M th tpan iL 17M) GMT (Figures 18 & 19). The NWS (Nat tonal

Ne,,tth S',ervt, e) regtlar tipper-air observations with 12 hr iutervals

w, i),tr+litlv not stilt icient to resolve the changes in detail during

tit, p)as ,lP of this weather system at Michigan. Fortunately, an upper-

.it ,h-orvatloi at Camp Gravling was available at 1530 GMIT. Th time

h tr gpe ot the' atniospheric structure at Camp Grayling will be descrt bed

* -,, i . he v.rt i cal cross sections at 121)0 (MT 23 Januarv and M0U( I GMT

4 .antlirv rertresenting the situations before and at ter the passage o1

wat her -vt.em at Michigan will be presen ted usi-r rawlnsoride data

-I -A t: , 0Itlott, te ar 44 defgrees N. The stations lsed were-

inniii, Si) (98.2 (J,,,rees W, 44.4 degrees N),

L4. (.o,td, MN (9,4.2 degrees W, 45.6 degrees N),

ii , Ba,, WI (88.1 tieprees W, 44.71 degrees N),

:, "f d (,g rees W, 43.0 deg rees N),

- 'i, . .IN' (78.7 d,;rees W4, 42.9 degrees N),

', t,,,v, NY (7 ,.8 degrees W, 42.8 egros N).

*16

0,..
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At 1200 GMT 23 January, the vertical cross section of merldional wind
shows southerly flow in the central United States with slightly warmer

potential temperature and equivalent potential temperature in the low

levels (Figures 20 & 21). The vertical cross section of relative

humidity (Figure 23) also shows that the moisture was mainly contined to

the low levels. It is interesting to note that the meridional wind

shown in Figure 22 was much weaker than that at 41 degrees N which

resulted from objective analysis (Figure 9). The horizontal

distribution of meridional wind shown in Figure 14 resulting from the
objective analysis did show the decrease of the wind speed toward the

nlorth together with decreasing dew point temperature at 1200 GMT (Figure
13). Recall from the GOES-East satellite data indicates that the major j
convective activity prior to 1200 GMT was mainly located south of Lake

Michigan. As the trough intensified and moved eastward, the area of

deep convection extended northward. Twelve hours later (0000 GMT 24

January) the meridional flow along the cross section increased

drastically and reached as high as 25 m sec-I at Flint, MI at 900 mb and
over 41 m sec-I at high levels (Figure 26). Accompanying the

strengthening in the southerly wind, the low level potential temperature

and equivalent potential temperatures also increased considerably

(Figures 24 & 25). A conditionally unstable layer (where e decreasese
with height) was found between 700 mb and 500 mb at Flint, MI. The

cross section of relative humidity indicates the development of deep
clouds (Figure 27) near the axis of maximum southerly wind, which is

consistent with the satellite observations. These results suggested

that the strengthening of the southerly flow resulting from the
development of the trough brought in the warm and moist air and may have

played an important role in the formation of deep convection.

I'he correlation between the surface convergence computed from the hourly

surface data and the region of cold cloud top temperature was poor (not
shown). The close relationship between the low-level convergence and

the convective activities found by Ogura et al., (1979) and others

during the GARP (Global Atmospheric Research Program) Atlantic Tropical

Experiment was not evident for this winter snowstorm case. In the

Tropics, the atmosphere is conditionally unstable. A minimum of

equivalent potential temperature exists at 700 mb. The low-level

convergence provides the moisture supply and the lifting required for
the release of potential instability. However, for the 23-24 Januaky
snowstorm case, the equivalent potential temperature in the low

troposphere was considerably colder than in the mid-troposphere and high

lefvels. It was, therefore, unlikely for the air parcel in the low

levels to grow and develop into a tall cloud. It appears that the low-

level convergence was not important for the development of deep clouds

for this case.
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2 ReulAts of I.pper-.\tr [aLa Anlyses

Me,' wesL-past cross sectlons averaged between 4i1 tegrees to 42 degrees

:or :onal wind, mer idional wind, divergence, verti cal motion, and the
\'vrtli-al compneunt of rlatLve vort it'Ly for (0)09 GMT 17 .iiuarv ale

stow'. in Figurps 36, '17, 38, 39, and 4H4. The speed ot the zouili i:rrent

kin comp ratb|l. to the 23-24 lanuary case (Figure 36). lowever, the

SL,. Mrldl <,i anal wind Wits tot found irk tie region of maximum ,-lond

a, Li \'LU's. Soother] v wind wats found east of 9M) degrees W with

itrtherly wind west of it below 4)(I mb indicating Lhe pies,'n-i', o t a
I c-,La I dI scoIt iut I L y (F gre, t 7). U pward miotlont wits foun,(d over the

lrottal zone01 colin, iding with the carea of maximom cI id atLivitLtes

,'r',r\if in' sate] lt.' b sshi,,' Image (Figure 3). Tie revpiot ol

stivl-getsL tipiard Mltin wis 1ocated slightly ahead Mf tin' sirtace cold
r! ''t Wilh it I axillor of I .3 c"m se(--I at 751) mu, and i ri ax mim of 2.4 m
-, t - 44t 4M Ilt). Si nlk ing ,o Lon was computed beh i nd the' -oldi front iir

i'rci'mr&'nt with the clear sky observed by satellite visible picture. The

linp, motion bel hild the cold front was also observed by Ogura and

'orti 1182) for a 'old Iront passing through the central IUnited States-

in 'oril 1479. In the region of upward motion, convergence with it

m.u;,hitude of -I .1 x lIi se:
-  at 9004 mb was evident with weak

--,n ,'rger (e In the med--troposphere (Figure 38). The di vergence

,awSo' iated with the outflow laver was found mainly between 31)I and 4i il

;ib. ConsequenLtlv the maximum vertical motIon in the upper Lroposphere,

'.t, lo, at.'d at .1111 mh which was I0l) mb lower than the 23-24 Jannarv . .

1"- .ur 1's I1 & 48). fit'; is 'onisistellt with tue saellit' IR cloud Lop

_, lir,iiLrs ohs- r o-d bv both cases. Satellite obse-viL ions showed that

Lhe 2 .- 2* anlimlarv, sYv ad ] oder c1ou(d Lop temperatures tHitn the 16- PI

,i ~i v'I. - n'.Id. .o . d i e ,enc-e laver between (i044-Mti mit wits ilqo

-',l-rcsc t iII the ,li I 1 I" i 5iig IlloiO t e. vb e Vertl, ai1 ,ross set'L i i of L i'

\ i t',iI , (llittii'i t I a -l -tV VoiticiLv shows maxlnlim i\''loliii

\,o L i, i Lv ill n ti' lo)we'r t rnopos,,phere over the i rounta 71one' ( Fi gur- 41).

i1i' v t1- l1--; L1011:', CA111' of potential tem e'ratoLre, equivalent

:,,,t,-iit il te!Inl..rAtLtr', meridiorial wind arnd relative' himiditv construc.-ted

Ti s'rr - Ix r'iw .'loldi' s-,it ions near 44 dei -ees N arc shown in i Figutres 41,

44 altl 4-4. Slotriliori zmtal gradients of potent il tetperit ore .ni

vl] '-t piteit i.il telmpert'utres were tound between Green Bay, WI

1.5. ( 1, , , - .- N di n,,. N) ald St. Cloud, MN (94.2 de 4 .re,' , 
,  

. C

d,.y , "ew N) in L,,' low tioltosphere doe to the presence o0 the toi t-l -iiLrot

i ,'jrrvs 4 I Z -2 I . hi' air ahead of till cold f rout was tel atti v'l

V.1iiinc if a i higher not s't c~iontenit ( Fgiiv-e 44). A miist 1 aver

t I ,. a iot t It oe- ,,i 1 4 ni w. , k i- a] ,o 1 ree iiL i n tiI' e mti d dlI I atv er . I L I s

it,,I 1aL to n t tr- fictt th' itlmos hi'-re wis stable both ahe-ad and over ite7

t..! .','. \'. tie ol ,fd t rloit iiov'ed rastwaird, the' re l.t iv'l x warllm itni

iii - , , . 4lt ,,,d th -i 1 o itI ont was I i I Led ind inav ha\ vi become

, i -d .ill ! -I n , i., - i , id- avid pro, op iLtatioll. 1l111' low level

I ii 1itint it ilti i h we> 'Wvdt'tii %iiieft cnitt theea 'd-lr l) ' .r1ioipif

1 . ".'* ~ihit. mI 4, - .4-kI Wi; riot founldk
1  

Ior tills a e., lih. llerldi o I] W I idii
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